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INTRODUCTION
Single-item measures of self-rated health (SRH) have been shown to reliably predict health service utilisation, nursing home admissions, disability and overall mortality risk in Australia and other countries [1] , [2] , [3] , [4] , [5] and [6] . Compared to more objective measures of health status, SRH provides a convenient and inexpensive method of assessing an individual's health across multiple domains (e.g., psychological, behavioural, social and environmental) and provides an important and valid indicator of an individual's health status and associated health outcomes [1] and [7] . Quality of life (QOL) is a construct related to SRH and is also important as it specifically assesses how an individual feels about their health status and other non-medical aspects of their lives [8] .
Chronic health conditions and mental health problems are strong predictors of SRH and QOL, but other psychosocial, behavioural, sociodemographic and health-related factors have also been shown to be important [7] and [9] . In recent years, a number of studies have indicated that sleep duration could be an important predictor of an individual's health status. For example, short sleep (i.e., ≤ 6 hours sleep a night) has been associated with poor mood, an increased risk of accidents, chronic health conditions (e.g., obesity, cardiovascular disease and diabetes), and elevated mortality risk [10] , [11] , [12] , [13] , [14] , [15] and [16] .
These findings are concerning given that short sleep is a common characteristic of modern society, reported by between 15% and 30% of adults living in Australia, the US, Europe and Asia [12] , [17] , [18] , [19] and [20] .
Some recent studies have found that short sleep is associated with poorer SRH and QOL in young and middle aged adults. For example, in a sample of 17,465 university students aged 17-30 years across 24 countries, Steptoe et al. [21] found that individuals reporting <7 h sleep a night were more likely to have poorer SRH. Faubel et al. [22] examined 3834 Spanish adults aged ≥ 60 years and observed that ≤ 5 hours sleep was also associated with poorer health-related QOL. Yokoyama et al. [23] reported a linear association between sleep duration and subjective well being in 1769 Japanese adults aged 70 years and above after adjusting for potential confounding variables. In contrast, Jean-Louis et al. [24] found no evidence of an association between quality of well being and sleep duration, but this could have been the result of a relatively small sample (n = 273).
In the present study, we sought to further understand the nature of the association between sleep duration and SRH in a large Australian sample of middle aged and elderly adults. This involved controlling for a number of potential confounding variables (e.g., mental health, chronic health conditions) and examining whether the association between sleep duration and SRH varied with age. This latter point is important given that SRH declines with age, and structure and quality of sleep change considerably in older adulthood [25] , [26] and [27] . Thus it is possible that the association between sleep and SRH varies with age, but to our knowledge this has not yet been examined. A secondary aim of this study was to examine whether sleep duration was also an independent predictor of QOL.
METHODS

2.1Participants
This paper examined data collected through the 45 and Up Study, which is a large-scale health survey of adults aged 45 years and over who reside in New South Wales, Australia. The objective of the 45 and Up Study is to collect data from a large heterogeneous sample of Australian adults, and participants are not necessarily representative of the Australian population; detailed information regarding the methods of the 45 and Up Study is described elsewhere [28] . The present paper included participants who were recruited as 
Materials
All data were derived from the self-report questionnaire, except for place of residence which was determined using a standard index of geographic location in Australia [29] . Sleep duration was assessed using the question "About how many hours in each 24 h day do you usually spend sleeping (including at night and naps)?" with responses coded as <6 h, 6 h (≥ 6 h, < 7 h), 7 -8 h (≥ 7 h, < 9 h) and ≥ 9 h. These categories are consistent with a number of studies demonstrating that 7-8 h sleep a night is associated with the lowest risk of morbidity and mortality [10] , [11] , [12] , [13] , [14] and [15] .
Self-rated health was determined from the question "In general, how would you rate your overall health?" Participants responded on a five-point Likert scale; the response categories were "excellent", "very good", "good", "fair" and "poor". For the purposes of the present analyses we combined these to form two categories: good SRH (i.e., excellent/very good/good) and poor SRH (i.e., poor/fair). Quality of life was determined from the question "In general, how would you rate your overall quality of life?" The response categories were the same as for SRH and we combined these into good QOL (i.e., excellent/very good/good) and poor QOL (i.e., poor/fair).
A number of additional variables were measured and included as covariates in the analyses. Age was assessed as a continuous variable and was split into the following categories: 45-54 years, 55-64 years, 65-74 years, 75-84 years, 85-95 years. Additional demographic variables such as sex, place of residence, country of birth, education level, and marital status were also measured and included in the analyses. Work hours were coded as "does not work", "1-34 h/week", "35-40 h/week" and ">40 h/week". Participants also indicated how much alcohol they consumed on average each week (coded as "0 drinks", "1-7 drinks", "8-and "current smoker"). Body mass index (BMI) was determined from self-reported height and weight; participants were categorised as lean (BMI: 18.5-24.9), overweight (BMI: 25.0-29.9) or obese (BMI: ≥ 30).
Participants also completed the Kessler Psychological Distress Scale [30] , which consists of 10 items (each scored from 1 to 5) that assess Emotional Disturbances. Participants' scores on this scale were coded as low emotional disturbances (<16), moderate emotional disturbances (16) (17) (18) (19) (20) (21) and high/very high emotional disturbances (22-50) [31] . Participants also indicated whether they had ever been diagnosed with cancer, heart disease, diabetes, or stroke; these variables were coded as "yes" or "no".
Statistical Analysis
The relationship between sleep duration and SRH was examined using multinomial logistic regression models. This was preferred over binary logistic regression as more detailed information regarding categorical covariates can be obtained without dummy coding. In the unadjusted analyses, sleep duration was entered as the only predictor of SRH. In the adjusted analyses, sleep duration was entered alongside socio-demographic factors (age, sex, country of birth, education level, marital status, work hours, place of residence), health-related behaviours (alcohol consumption and smoking status), chronic health conditions (obesity, cancer, heart disease, diabetes and stroke) and emotional disturbances (as assessed by the Kessler Psychological Distress Scale).
This analytic approach was performed on the entire sample and then separately in each of the five age categories. This same process was used for modelling QOL. The results are reported as odds ratios (OR) and 95% confidence intervals (CI), with a p value <.05 considered statistically significant.
RESULTS
Descriptive Statistics
The sample comprised 63,408 participants aged 45-95 years for whom complete data on all variables were available. As shown in Table 1 , most participants were aged 45-64 years, but there were sufficient numbers in the older age categories for the analyses to be performed. A total of 15.6% of individuals reported short sleep (i.e., ≤ 6 hours sleep) and 17.2% reported long sleep (≥ 9 hours sleep). The majority of participants also reported good SRH (88.6%) and good QOL (91.7%). Table 3 ). When the analyses were broken down by age group, a similar pattern of results was observed for most of the age groups but there were some differences. For example, short and long sleep were associated with poorer SRH in the unadjusted and adjusted analyses for participants aged 45-74 years. Short and long sleep were associated with poorer SRH in the 75-84 year age group in the unadjusted analyses, but only long sleep significantly predicted poor SRH in the adjusted analyses. In those aged 85-95 years, long sleep was associated with poor SRH in the unadjusted analyses; neither short nor long sleep was associated with SRH in the adjusted models. A similar pattern was observed for the models predicting QOL. For the younger four age groups (i.e., 45-84 years) short and long sleep were associated with poor QOL in the unadjusted and adjusted models. In the 85-95 year age group, there was no evidence for an association between sleep duration and QOL.
Sleep Duration, SRH and QOL
DISCUSSION
In the present study, short and long sleep were found to be associated with poorer SRH in adults aged 45-74 years; these relationships remained significant after controlling for potential confounding variables.
These results suggest a U-shaped association between sleep duration and SRH in middle aged and older adults. In the adjusted analyses, sleep duration was not associated with SRH in those aged 75-95 years old, suggesting that short and long sleep are independently associated with poor SRH in middle aged and elderly adults, but not in the very elderly. A similar pattern of results was obtained for QOL; there was a U-shaped association between sleep duration and QOL, and this was observed in those aged 45-84 years, but not in those aged 85-95 years.
These findings are consistent with some recent studies that have previously examined the associations between sleep duration and a variety of health and QOL related measures [21] , [22] and [23] . The largest of these studies was conducted on a sample of 17,465 university students from 24 countries, where short sleep (but not long sleep) was found to be associated with poor SRH [21] . Two studies in elderly samples produced similar results, with individuals reporting short sleep being more likely to have poorer healthrelated QOL [22] and [23] . Our study extended these findings by examining whether the association between sleep duration and SRH and QOL varied with advancing age in a large sample of Australian adults.
Several explanations for why short sleep was associated with poor SRH and QOL are possible. Short sleep could contribute to poor SRH and QOL by impairing mood and cognitive functioning or because of an increase in fatigue. Short sleep may also lead to a number of adverse physiological changes (e.g., impaired glucose tolerance, inflammation), which increase the risks of chronic conditions such as diabetes, obesity and hypertension [32] , [33] and [34] . Short sleep may also be a consequence of poor SRH and QOL. In particular, individuals with a poorer health status could be more likely to experience disturbed and short sleep or may be less accurate in estimating their sleep duration. Given that the present data were cross-sectional, we are unable to determine whether short sleep contributes to poor SRH/QOL or vice versa. In the context of recent research, however, it is likely that the relationship is bi-directional.
To our knowledge, the association between long sleep duration and SRH and QOL has not been previously reported and the underlying mechanisms are not clear. A number of previous studies have found that long sleep is associated with a number of adverse health outcomes such as depression, obesity and hypertension, as well as elevated mortality [10] , [35] and [36] . Such studies have generally concluded that long sleep is a consequence (rather than a cause) of these health conditions [36] . Hence, it may also be possible that long sleep is a result of poor SRH and QOL, not vice versa. Nevertheless, we emphasise that the precise health implications associated with long sleep, not only in the context of self-report measures but disease status as well, remain unclear and warrant further investigation.
The lack of an association between sleep duration and SRH and QOL in the very elderly could reflect a number of age-related processes. For example, health status and sleep quality both decline with age, which may reflect a combination of social and lifestyle factors (e.g., death of a spouse) as well as chronic health conditions (e.g., cancer, depression). Age-related biases in self-reported sleep and health could have affected the results and may also explain the lack of an association in the very elderly [37] . Any combination of these factors could explain the absence of an association between sleep duration and SRH and QOL in the elderly.
To our knowledge, this is the largest study examining the association between sleep, SRH and QOL in middle aged and elderly adults and the first conducted on an Australian sample. The large sample size allowed us to examine whether the association between sleep and SRH and QOL varied with age, whilst controlling for a number of important confounding variables. As noted, however, the present paper utilised cross-sectional data so we are unable to determine the direction of causation between sleep duration and SRH and QOL. This is important particularly in the case of short sleep which could feasibly cause, or be the result of, poor SRH and QOL. Future studies involving longitudinal data will therefore be important. A further limitation relates to the self-report nature of the data particularly in relation to sleep, SRH and QOL.
Self-reported sleep duration corresponds modestly with more objective measurements of sleep involving actigraphy and polysomnography, and there is some evidence that many individuals over-estimate their sleep duration [37] , [38] and [39] . This may have led to some misclassification of participants in regard to their sleep duration which may have impacted the results. Furthermore, chronic health conditions were also assessed via a self reported questionnaire which may not provide an accurate or detailed indication of underlying health conditions. We suggest that future studies in this area attempt to incorporate more detailed and objective measures of relevant health conditions such as hypertension, heart disease and stroke, as these may influence the association between sleep duration and SRH/QOL. Finally, although we relied on selfreport measures of health and QOL, it is important to note that these are widely used and provide important information about an individual's health status that would not be evident from more objective measures [1] and [7] .
In this study we found that short and long sleep were strongly related to an individual's perceived health status and their overall quality of life. Sleep duration may therefore play an important role in promoting the health and well being of middle aged and older adults. These associations were not evident in the very elderly (i.e., ≥ 85 years) probably because of a number of age related factors that impact both sleep and health status. More research is required to delineate the nature of the associations observed in the present study. However, there is now mounting evidence from other countries that short sleep has adverse effects on physical and mental health. We therefore suggest that there is a need for increased public awareness in Australia regarding the importance of adequate sleep. Public health programs in Australia and other countries that promote healthy sleep durations could be important in reducing morbidity associated with short sleep.
